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Abstract 
In this study a skilled soccer player performed throws for maximum distance while manipulating the backspin on the ball. A video analysis was 
used to obtain measures of the ball projection variables. We found that putting greater backspin on the ball did not reduce the player’s ability to 
produce a high projection velocity. Throw distance increased at a rate of about 0.6 m per 1 rev/s increase in backspin, and the experimental data 
was consistent with the predictions of a mathematical model. We recommend players apply the highest possible backspin when performing a 
long throw-in. 
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1. Introduction 
The long throw-in can be a potent form of attacking play, particularly when used near to the goal mouth. The farther a player 
can throw the ball, the larger the area in which his/her team mates may receive the ball and the greater the scoring opportunities. 
Although the distance achieved in a throw-in is mostly determined by the player’s ability to generate a high projection velocity, a 
player may also apply backspin to the ball to increase the throw distance. To the best of our knowledge there are no published 
experimental studies of the effect of ball spin on the distance achieved in a long soccer throw-in. However, Linthorne and Everett 
[1] reported results from a mathematical model of the throw-in. They found that the optimum projection angle for achieving 
maximum distance is about 30º and that throw distance is maximized when using a backspin rate of just over 4 rev/s.  
Linthorne and Everett’s study is an excellent example of the need to include the interactions between the equipment, the 
athlete, and the movement when analyzing a sport [2]. As would be expected, their model incorporated the influence of spin rate 
on the lift and drag coefficients of the ball. In addition, the model incorporated the biomechanics of the throwing action by 
including equations for the interdependence of the player’s projection velocity, projection angle, and projection height. The 
decrease in projection velocity that a player can produce as projection angle increases has a strong influence on the optimum 
projection angle (reducing the optimum angle to well below 45º), and hence has a strong influence on the throw distance. 
Even so, Linthorne and Everett’s model might not have incorporated all the relevant biomechanics of the throwing action. 
Their model assumed that the player’s projection variables are independent of the ball spin rate. Here, we recognize that 
attempting to put a high backspin on the ball might substantially reduce the projection velocity that a player is able to achieve. 
The purpose of the present study was to investigate in more detail the effect of backspin on the distance achieved in a long soccer 
throw-in. The main aims of the study were: (1) to obtain experimental data for the effect that applying spin to the ball has on the 
player’s ability to produce projection velocity; (2) to obtain experimental data for the effect of ball spin on throw distance; (3) to 
identify the player’s optimum ball spin rate that maximizes the throw distance; and (4) to compare the experimentally obtained 
relationship between ball spin rate and throw distance to the predictions of a mathematical model of the throw-in. In this study a 
skilled player threw a soccer ball for maximum distance while applying a wide range of backspins to the ball. The throws were 
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recorded on video and a 2-D biomechanical analysis was conducted to determine the player’s projection variables. We expected 
that the act of applying backspin to the ball would reduce the player’s projection velocity, and that this would have a substantial 
effect on the distance achieved and the optimum projection angle. The predictions of the mathematical model were expected to 
agree with the experimental data. 
2. Methods 
One skilled male soccer player volunteered to participate in the study. The study adhered to the tenets of the Declaration of 
Helsinki and was conducted in accordance with procedures approved by our institutional ethics committee. The participant was 
informed of the procedures and inherent risks prior to his involvement, and written consent to participate was obtained. The 
throws were performed in still air conditions in an indoor sports facility using a FIFA-approved, 32-panel, size 5 match ball 
(Nike T90 Strike) inflated to the regulation pressure. The participant wore his own sports clothes and shoes, and used a constant 
run-up length of two steps. The participant performed maximum-effort throws while attempting to achieve maximum throw 
distance (Figure 1). He performed five throws using his preferred technique, and 45 throws using a wide range of backspin, from 
“almost none” through to “the maximum possible”. The order of ball spin was randomized and an unlimited rest interval was 
given between throws to minimize the effects of fatigue on performance. The throw distances were measured to the nearest 0.1 m 
using a fiberglass tape measure. 
 
 
Fig. 1. Schematic diagram of a long soccer throw-in showing the projection variables that determine the effective throw distance. 
2.1. Video analysis 
A 2-D video analysis was conducted to quantify the ball projection variables. A JVC GR-DVL 9600 video camera (Victor 
Company of Japan, Yokahama, Japan) operating at 50 Hz was used to record the movement of the player and ball during the 
throws. The video camera was placed at right angles to the throw direction and about 15 m away from the plane of the throw. 
The field of view was zoomed to allow the participant and ball to be in the field of view throughout throw and for at least 12 
frames after release. The movement space of the video camera was calibrated with three vertical poles that were placed along the 
plane of the flight of the ball. 
An Ariel Performance Analysis System (Aerial Dynamics, Trabuco Canyon, CA, USA) was used to manually digitize the 
motion of the center of the ball and the participant in the video images. The center of the ball and eighteen body landmarks that 
defined a 17-segment model of the participant were digitized in each image. The two-dimensional coordinates of the ball and the 
body landmarks were calculated from the digitized data using the two-dimensional direct linear transform (2D-DLT) algorithm. 
Coordinate data were smoothed using a second-order Butterworth digital filter with a cut-off frequency of 8 Hz, and the 
velocities of the ball and the body landmarks were calculated by numerical differentiation of the coordinate data. 
2.2. Data analysis 
The instant of release was defined as the first frame in which the ball broke contact with the participant’s hands. The 
projection height was the vertical distance of the center of the ball relative to the ground at the instant of release, and the 
projection distance was the horizontal distance of the center of the ball relative to the throwing line at the instant of release. The 
effective throw distance was calculated by adding the release distance to the measured throw distance. 
The projection velocity of the ball was calculated using unfiltered ball displacement data from the first six images 
immediately after the instant of release [3]. The horizontal component of the ball velocity was calculated as the first derivative of 
a linear regression line fitted to the unfiltered ball displacement data, and the vertical component of the ball velocity was 
calculated as the first derivative of a quadratic regression line (with the second derivative set equal to –9.81 m/s2) fitted to the 
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unfiltered ball displacement data [4]. The projection velocity and projection angle of the ball were calculated using the 
Pythagorean equation and the trigonometric tangent function. The rate of ball spin was obtained by observing the rotation of 
black lines that were drawn on the ball. The angular displacement of the lines over the first ten frames after release was measured 
to the nearest 10º. 
The uncertainties in the measured values of projection velocity and projection angle arose mainly from the uncertainties in the 
fit to the coordinate data for the flight of the ball. The uncertainties (95% confidence interval) were about 0.14 m/s for projection 
velocity and 0.6º for projection angle. The greatest source of uncertainty in the projection height arose from the sampling 
frequency of the video camera, and this uncertainty was taken as one half of the difference between the value at the instant of 
release and the value at one frame before the instant of release (about 0.07 m). The uncertainty in the ball spin rate was about 0.1 
rev/s. 
To address the first aim of the study we checked for systematic changes in the participant’s projection variables with 
increasing ball spin rate. The projection velocity, angle, and height were plotted against spin rate, and a selection of curves was 
fitted to the data. We tested a straight line, a second-order polynomial, and a third-order polynomial. The most appropriate curve 
was decided by examining the distribution of the residuals and with calculations of the corrected Akaike’s Information Criterion 
[5]. To address the second and third aims of the study the participant’s effective throw distance was plotted against spin rate and 
a selection of curves was fitted to the data. The peak in the most appropriate curve was taken as the participant’s optimum spin 
rate. 
As mentioned previously, projection velocity, projection angle, and projection height are inter-related [1,6]. In a soccer throw-
in the projection velocity decreases with increasing projection angle because of the musculoskeletal structure of the human body 
is such that a player can exert more force on the ball when throwing horizontally than when throwing vertically. The relationship 
between projection velocity (v) and projection angle (ș) is given by 
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where Fo is the average force exerted on the ball for a horizontal release angle, l is the acceleration path length of the ball (about 
1.3 m), m is the mass of the ball (0.43 kg), and a is a constant that characterizes the force decrease with increasing release angle 
[1]. In a soccer throw-in the projection height increases with increasing projection angle because the arm angle at the instant of 
release increases. The relationship between projection height (h) and projection angle (ș) is given by 
( )oarmshoulder Alhh αθ ++= sin , (2) 
where hshoulder is the height of the player’s shoulders when standing upright (1.5 m), larm is the length of the player’s outstretched 
arms (0.8 m), A is the rate of increase in the arm angle with increasing release angle, and Įo is the arm angle for a horizontal 
release [1]. In a soccer throw-in the strong relationship between projection velocity and projection angle (equation 1) is the main 
reason why the optimum projection angle for achieving maximum distance is about 30º rather than 45º. Knowledge of a player’s 
relationships between projection velocity, angle, and height (equations 1 and 2) are necessary for an accurate mathematical 
model of the soccer throw-in. To quantify these relationships, the participant’s projection velocity and projection height were 
plotted against projection angle and equations 1 and 2 were fitted to the data. 
2.3. Mathematical model 
To address the fourth aim of the study we performed simulations using a mathematical model of the throw-in. The trajectory 
of the soccer ball was analyzed in a rectangular coordinate system where the positive x-axis is in the forward horizontal direction 
and the positive y-axis is vertically upwards. The aerodynamic flight trajectory equations of the soccer ball are then 
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where v = ¥[(dx/dt)2 + (dy/dt)2] is the velocity of the ball relative to the air, CD is the drag coefficient, CL is the lift coefficient, 
and g is the acceleration due to gravity (9.81 m/s2) [1,7]. The constant k is given by k = ρS/(2m), where ρ is the air density (1.225 
kg/m3 at sea level and 15ºC), S is the cross-sectional area of the ball (0.038 m2), and m is the mass of the ball (0.43 kg). The lift 
coefficient of a soccer ball increases exponentially with increasing spin parameter, from CL = 0 for no spin, up to a limiting value 
of about CL = 0.35 [8,9,10]: 
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35.0e35.0 7 +−= − SpLC .  
The spin parameter is the ratio of the ball’s tangential speed at its equator to its center of mass speed, and is given by Sp = rȦ/v 
where r is the radius of the ball and Ȧ is the ball spin rate (in radians per second). For a spinning soccer ball the drag coefficient 
increases slightly with increasing spin parameter; 
SpCC DoD 5.0+= ,  
where CDo is the drag coefficient at zero spin [8]. At velocities typical of the soccer throw-in (10–20 m/s), a soccer ball that is 
projected with zero spin has a drag coefficient of about CDo = 0.25 [10,11]. 
If the initial conditions of the ball (i.e., projection velocity, projection angle, projection height, and spin rate) are known, the 
trajectory of the ball may be computed and the distance of the throw determined. Because the projection variables are inter-
related, we used the participant’s measured relationships for v(ș), h(ș), and v(ω) to generate the initial conditions for the flight 
trajectory equations. The flight trajectory equations are non-linear and so the flight trajectories were computed using numerical 
methods implemented in a technical computing software package (Mathematica; Wolfram Research, Champaign, IL, USA). The 
throw distances obtained with the mathematical model were then compared to the experimental data for the effect of ball spin 
rate on throw distance. 
3. Results and Discussion 
The mean values for the participant’s five preferred throws were: distance, 18.7 ± 1.5 m (mean ± SD); projection velocity, 
14.4 ± 0.6 m/s; projection angle, 31.8 ± 7.2°; projection height, 2.17 ± 0.05 m; and ball backspin rate, 1.2 ± 0.3 rev/s. These 
values are similar to those reported for skilled male players in other studies of the soccer throw-in [12,13,14]. 
As expected, the projection velocity decreased with increasing projection angle and the projection height increased slightly 
with increasing projection angle (Figure 2). The model fit parameter values were Fo = 45 ± 3 N (±95% CI) and a = 0.40 ± 0.09 
N/deg for projection velocity, and A = 0.7 ± 0.5 and Įo = 37 ± 16° for projection height. These values are similar to those for the 
skilled male player examined by Linthorne and Everett [1]. 
Across the range of backspin rates used in this study (0–2.7 rev/s), the participant’s projection velocity remained almost 
constant (13.9 ± 0.6 m/s; mean ± SD) and no systematic trend with increasing spin rate was evident (Figure 3a). That is, the 
action of applying backspin to the ball did not reduce the participant’s ability to produce a high projection velocity. Similarly, 
across the range of backspin rates used in this study the participant’s projection angle and projection height remained almost 
constant (33.1 ± 5.2° and 2.19 ± 0.07 m, respectively). For all three variables a straight line was the best fit to the data. The 
gradient of the projection velocity fit was zero (0.14 ± 0.26 m/s per rev/s; ±95% CI), as was the gradient of the projection angle 
fit (–0.8 ± 2.4 deg per rev/s) and the gradient of the projection height fit (–0.018 ± 0.030 m per rev/s). These results indicate that 
changes in throw distance were due to systematic changes in ball spin rate and were not due to systematic changes in projection 
velocity, projection angle, or projection height. For the throw distance plot a straight line was also the best fit to the data (Figure 
3b). Throw distance tended to increase as more backspin was applied to the ball, at a rate of 0.62 ± 0.48 m per 1 rev/s increase in 
backspin. There was no clear optimum backspin rate that produced the greatest throw distance. 
 
a                  b  
Fig. 2. These plots show the effect of projection angle on (a) projection velocity and (b) projection height. The solid lines are regression fits for equations 1 and 2, 
respectively. The relationship between projection velocity and projection angle has a very strong influence on the participant’s optimum projection angle. 
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a                  b  
Fig. 3. These plots show the effect of ball backspin rate on (a) projection velocity and (b) throw distance. The solid lines are linear regression fits and the dashed 
lines show the 95% confidence interval of the regression lines. The process of applying backspin to the ball did not reduce the participant’s ability to produce a 
high projection velocity, and changes in throw distance were not due to systematic changes in the projection angle or projection height. Throw distance tended to 
increase as more backspin was applied to the ball. 
The mathematical model indicates there should be an inverted-u relationship between throw distance and backspin rate, with a 
maximum throw distance at a backspin rate of about 3 rev/s (Figure 4a). (For spin rates above 3 rev/s the gain in distance due to 
the greater lift is outweighed by the loss in distance due to the greater drag.) The mathematical model also indicates the optimum 
projection angle should steadily decrease with increasing backspin, from about 31° for no spin to about 24° at 5 rev/s. The 
predictions of the mathematical model are consistent with the experimental data. Although the mathematical model predicts an 
inverted-u relationship, the variability in our experimental data and the limited range of backspins used by the participant (0–2.7 
rev/s) did not allow us to resolve this relationship. We expect few players to be able to produce a backspin rate greater than about 
3 rev/s. Therefore, to achieve the greatest possible throw distance we recommend that players release the ball with the greatest 
possible backspin. 
The experimental part of this study examined performances by only one male participant. A player’s ability to produce a long 
throw is mainly determined by their muscular strength [15]. To help generalize the results of the study we used the mathematical 
model to investigate the effects of muscular strength on throw-in performance. The force exerted by the player on the ball (Fo in 
equation 1) was varied over a wide range. Our calculations show that stronger players are able to throw the ball substantially 
farther (Figure 4b), but the optimum backspin rate remains at about 3 rev/s. 
 
a                  b  
Fig. 4. Plot (a) shows the relationship between throw distance and ball backspin rate predicted by the mathematical model (when using parameter values for the 
participant in this study). The optimum backspin rate that maximizes throw distance is about 3 rev/s, which is about the maximum achievable for many players. 
The predictions of the mathematical model are consistent with the experimental data from the participant (regression line and 95% CI from Figure 3b). Plot (b) 
shows the calculated effect of muscular strength (as a percentage of the strength of the participant in this study). Stronger players are able to throw the ball 
farther, but the optimum backspin rate remains at about 3 rev/s. 
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4. Conclusion 
We recommend players apply the highest possible rate of backspin when performing a long soccer throw-in. Even though the 
increase in flight distance achieved with a high backspin is relatively modest (about 7%), it could increase the team’s goal-
scoring opportunities. An accurate mathematical model of the effect of backspin on the distance achieved in a soccer throw-in 
must include the interactions between the ball, the player, and the throwing movement. The process of applying backspin to the 
ball did not reduce the participant’s ability to produce a high projection velocity. However, the decrease in projection velocity 
with increasing projection angle had a very strong influence on the participant’s optimum projection angle, reducing his optimum 
angle from 45º to about 30º. 
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